Background: Brevicoryne brassicae virus (BrBV) is a positive-strand genomic RNA virus which is unassigned tentative member of the genus Iflavirus. BrBv was first identified and characterized in the late 90's in the cabbage aphid in the United Kingdom (UK) (J Gen Virol 88:2590-2595 , 2007 and was fully sequenced, using random amplification of encapsidated RNA. No other reports have been published demonstrating detection of this virus outside the UK. Findings: A new isolate of the cabbage aphid virus Brevicoryne brassicae virus was identified from Brevicoryne brassicae aphids growing on wild mustard plants (Sinapis arvensis) in northern Israel. The virus genome was partially assembled from purified siRNA using the Illumina MiSeq Sequencing System with limited success. Combining classical viral RNA purification and RT-PCR amplification followed by traditional Sanger sequencing enabled obtaining the complete genomic sequence. The Israeli strain of BrBV shared 95 % nucleotide sequence identity with the BrBV found in the United Kingdom. Conclusions: The detection of BrBV in Israel indicates a broader geographical distribution of the virus".
Background
In the 1990s, aphid-infecting viruses were discovered and characterized; most of them contained an RNA genome. The Cripavirus genus (family Dicistroviridae) includes two aphid viruses: Rhopalosiphum padi virus (RhPV) [1] [2] [3] and Aphid lethal paralysis virus (ALPV). ALPV was first isolated from the bird cherry-oat aphid, Rhopalosiphum padi [4, 5] , then from the oleander aphid, Aphis nerii [6] , and recently from the pea aphid, Acyrthosiphon pisum [7] . In addition, two unassigned aphid viruses have been reported in previous studies: Acyrthosipon pisum virus (APV) [2] and Brevicoryne brassicae virus (BrBV) [8] . Interestingly, BrBV was first discovered in the United Kingdom (UK) and was fully sequenced using random amplification of encapsidated RNA. The genome organization showed that the new virus belongs to the superfamily of Picorna-like viruses [8] No other reports have been published demonstrating detection of this virus outside the UK. Moreover, BrBV was detected in an aphid culture infested with aphid parasitoid which showed no increase in virus replication [8] . Currently, BrBV is considered an unassigned virus/tentative member of the genus Iflavirus [9] , which includes nine species according to the 2014 report of the International Committee on Taxonomy of Viruses (ICTV) (http:// www.ictvonline.org/virusTaxonomy.asp).
Results
From 2009 to 2012, a survey aimed at identifying aphidpathogenic viruses was conducted in Israel to find viruses that might be integrated into future biological aphid control. In the current study, BrBV-IL was found in a dense population of the cabbage aphid Brevicoryne brassicae that was highly infested by the parasitic wasp Aphidius colemani (Fig. 1a-c) . The aphids were collected from wild mustard plants (Sinapis arvensis) growing in the northern coastal area of Israel and were further investigated in the current study. Later on, BrBV-IL was identified in two additional locations, Bet-Dagan and Modi'in, out of 12 B. brassicae samples of aphid populations across the country.
Viral RNA was purified from B. brassicae aphids using the Viral RNA Extraction Kit (Bioneer, Daejeon, South Korea) and served as the template for a reversetranscription (RT) reaction carried out using Maxima Reverse Transcriptase (Fermentas-Thermo Fisher Scientific, Burlington, Canada) and the complementary primer R-5′-TTTAAAGAAAGAGCACTGTCCT-3′, followed by PCR amplification using JMR PCR mix (JMR Holdings, Kent, UK) and primer set no. 5 (Table 1) , designed from the original BrBV genome (accession number NC_009530.1) [8] . Due to the high parasitoid wasp infestation of the original colony of B. brassicae aphids, individual adults were placed on cabbage leaves for 2 days, and then the larvae were collected and used to establish a new parasitoid-free colony of BrBV-IL-infected B. brassicae on B. oleracea plants. The established culture of B. brassicae aphids infected with BrBV-IL reared on brassica plants served for total RNA extraction using TRI reagent (Sigma, St. Louis, MO, USA), followed by mirVana miRNA Isolation Kit (Invitrogen, Carlsbad, CA, USA) for the enrichment of small RNA molecules. Recently, using NGS has become more and more advantageous for the discovery of new viruses and microorganisms. Moreover, the ability of whole viral assembly sequencing from small RNAs using rapid, accurate and high throughput technology allow to detect the presence of low concentration of new and cryptic viruses [10, 11] .
The small RNA was used for the construction of a miRNA library using TruSeq Small RNA Sample Preparation Kit (Illumina, San Diego, CA, USA). The library was sequenced by the Illumina MiSeq Sequencing System (Volcani Center) and provided 217,324 reads (with 26,490 unique reads), of which only 46 reads matched the BrBV genome (accession number NC_009530.1) (Fig. 2, b) .
The low genome coverage obtained with the next generation sequencing (NGS) analysis forced us to combine the traditional sequencing method based on RT-PCR amplification to retrieve the complete genome sequence.
Viral purification was carried out on 100 g brassica leaves carrying a dense population of BrBV-IL-infected B. brassicae [6] . The presence of viral particles ( Fig. 1d ) was verified by transmission electron microscopy (Tecnai G2, FEI-Philips, Eindhoven, The Netherlands). Viral RNA was then extracted using the Viral RNA Extraction Kit and served as a template for a RT reaction, in which oligo dT(17)VN, random hexamer and BrBV-specific primer (5′-TTTAAAGAAAGAGCACTGTCCT-3′) were combined. The obtained cDNA was used as a template for the Multiple sequence alignments were analyzed using MAFFT [12] software programs. Phylogenetic trees predictions were carried out using phyml with both the long ORF amino acid sequences ( Fig. 3 and Additional file 1: Figure S1 -A) as well as RdRp amino acid sequence only (Additional file 1: Figure S1-B) . First, the MAFFT program was used to align each ORF [12] . Then, a phylogenetic tree was constructed based on a maximum likelihood (ML) framework, using PhyML software [13] with 100 bootstrap replicates [14] . For the analysis RdRp tree we defined the RdRp region by using the NCBI conserved domain server [15] . To further confirm our subtaxonomic groups definition analysis we also constructed a Bayesian MCMC phylogenetic tree based on the full nucleotide sequences of the viruses using MrBayes software [16] (Additional file 1: Figure S1 -C). This tree also agreed on the sub-clsification determined by the previous phylogenetic trees.
Based on our NGS analysis of siRNA purified from aphids, we obtained reads matching the BrBV-IL genome. However, only preliminary knowledge of the potential infecting virus in B. brassicae allowed identification of BrBV-IL, as the reads were not mapped onto significant contigs. The possibility of resequencing (assembling the reads based on the UK isolate of the BrBV genome) enabled locating the 46 reads (0.0002 % of the reads, covering 11.5 % of the genome) within the genome, enabling a first determination of the viral agent with only preliminary information on nucleotide sequence. The complete genome sequence of BrBV-IL was obtained by traditional RT-PCR amplification followed by nucleotide sequencing (Fig. 2c) . Although the taxonomic affiliation of BrBV is unclear, this study is the second report on this virus, and as such provides evidence for its global spread in B. brassicae populations.
Based on a rooted phylogenetic tree analysis of the long ORF encoding the polyprotein of the viruses belonging to the Iflavirus genus, the two unassigned BrBV isolates and an outgroup-Acute bee paralysis virus (NC_002548) in the family Dicistroviridae, genus Aparavirus (Fig. 3) , it is suggested that the Iflavirus genus be divided into four tentative clusters: type I containing the type member Infectious flacherie virus (IFV), type II and type III (Fig. 3) . As shown in Fig. 3 , the two BrBV isolates are located in the type II (Table 1) to map the entire viral genome area of the phylogenetic tree, clustering together on a separate branch.
Future discovery of new members of the family Iflaviridae and further studies should shed additional light on the taxonomic affiliation among the genera. In addition, pathogenicity experiments aimed at testing the infectivity potential of BrBV-IL on different aphid species could potentially lead to future application as a biopesticide.
Availability of supporting data
BrBV-IL genome sequence was submitted to genbank under accession number KP777548. , Spodoptera exigua Iflavirus-1 (SelV-1; JN091707), Laodelphax striatellus picorna-like virus 2 isolate LsPV2 (LsPV2; KM272628), Graminella nigrifrons virus 1 isolate Ohio (GNV1; KP866792), Sacbrood virus strain HYnor (SBV-HYnor; KJ959614) and Sacbrood virus strain LDst (SBV-LDst; KJ959613). Acute bee paralysis virus (ABPV; NC_002548) served as outgroup
